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popuzation. The study population consisted of 33 94% of these infants required assisted ventilation. Radiolabeled "stressed" and 15 healthy newborn infants admitted to the Infant GBS was opsonized with 5% adult serum, and incubated with Intensive Care Units at The Children's Hospital of Philadelphia PMN monolayers adherent to glass coverslips. Bacterial uptake and the of the and 22 was determined at 0, 40, 60, and 80 min and expressed as counts ' 1. per min/106 PMNs. Neutrophis from healthy and 66stressed,, "Stress" was defined as an acute, noninfectious respiratory newborn infants demonstrated a significant increase in bacterial of Or less at uptake with time. Adult controls also showed a significant increase and min)' The "stressed" newborn population 25 in phagocytosis through 60 min, but not during the 60-80 min time infants with respiratory distress syndrome, four infants with aspiperiod. PMNs from 6bstressed,, and healthy infants demonstrated ration syndromes, two infants with sepsis, and two infants with enhanced bacterial uptake when to adults at 40, 60, and asphyxia. Twenty-one of 33 "stressed" infants required intermitmin. There were no significant differences in bacterial ingestion tent mandatory ventilation, 10 required endotracheal continuous between "stressed" and healthy infants. Radiolabeled GBS uptake positive pressure, and infants received Oxygen did not correlate with birth weight, study age, Apgar scores, or alone (Table 2) . Twenty-nine of 33 infants were studied within 4 peripheral leukocyte count for the "stressed" newborn population. days of Neutrophils from healthy and 6bstressed,, newborn infants thus Healthy newborn infants from 3 1-40 wk gestation were enrolled demonstrate increased phagocytosis of GBS when to from the Obstetrical Service at the Hospital of the University of healthy adults.
Pennsylvania. Ten ml of blood was obtained from doubly clamped cord segments at delivery. Infants with respiratory illnesses, birth asphyxia, hypoglycemia, or shock were excluded from the study.
Abbreviations
Written permission was obtained from parents for all blood sam-CPM, counts per minute ples in accordance with the policies of the Human Investigation GBS, group B streptococcus Committee at The Children's Hospital of Philadelphia and the PBS, phosphate buffered saline Hospital of the University of Pennsylvania. Control blood was PMN, polymorphonuclear leukocytes obtained from healthy adults routinely used as donors for our laboratory.
Neutrophils from "stressed" or healthy newborn infants were Despite recent advances in neonatal intensive care and the use always tested in combination with an adult sample on the same of broad spectrum antimicrobial agents, GBS sepsis remains a day; however, in only 11 instances were all three populations fulminant, rapidly fatal disease during the newborn period. Cur-studied simultaneously. rently, GBS is the most frequent bacterial isolate recovered from Preparation of bacteria. The reference strain of GBS type Ic infected infants less than 3 months of age (3, 10) . The increased (A909-14) was supplied by the late Dr. Rebecca Lancefield. A susceptibility of the newborn infant to bacterial infection is mul-single loop of GBS was incubated in 10 ml Todd Hewitt medium tifactorial, but is principally due to developmental deficiencies of containing 0.25 ml L-4,5-[3H]-leucine aqueous solution containing the neonatal immune system (19) . Although studies of white blood 2% ethanol (25 pCi/ml, specific activity: 52 Curies/mmole) at cell function have produced conflicting data, abnormalities of 37°C overnight. The following day the GBS were quantitated by adherence (8, 14 , IS), chemotaxis (2, 15, 20, 22, 28, 31) , phagocyinoculating bacteria in serial dilutions on blood agar plates. Ortosis (9, 19) , oxidative metabolism (30, 32) , and intracellular killing ganisms were heat-killed at 60°C for 1 h, washed three times in (23, 26, 33) have been demonstrated for both PMN and mono-PBS, resuspended to 1 x 10' organisms/ml, and either used nuclear leukocytes.
immediately or stored overnight at 4OC.
The results of previous investigations of neonatal neutrophil
Opsonizing procedure. Serum for opsonization was obtained phagocytosis have varied because of differences in study populafrom a single adult donor with known high antibody titer to type tion, concentration of opsonin, nature of the phagocytic particle Ic GBS, and diluted to 5% with PBS (25) . Immediately before use, ingested, and phagocyte to particle ratio (6, 7, 17, 24). Stress has group B streptococci (5 x lo7-1 x 10' CFU/ml) were opsonized been suggested as an additional factor which may further compro-by mixing 2.5 ml of the bacterial suspension with 0.75 ml of 5% mise neonatal immune function (9, 21 Division of Bioquest, Oxnard, CA). This mixture was rotated at 37°C for 30 min. After incubation, tubes were centrifuged at 800
x g for 10 min at room temperature, the bacteria washed twice in PBS, and resuspended to the original volume (2.5 ml) in RPMI 1640 without serum. Supernatant from SP2/0-Ag-14, a murine myeloma cell line was used as a negative control.
Preparation of leukocytes. Equal volumes of heparinized blood from newborn or adult donors and 3% dextran in normal saline were sedimented at 37OC for 1 h. The leukocyte-rich plasma was removed, and the cells washed twice at 4°C with PBS at 400 X g. After counting in 2% acetic acid, the cells were resuspended in PBS to a final concentration of 1.5 x 10~olymorphonuclear leukocytes/ml.
Radiolabeled bacterial uptake. Phagocytic uptake was determined by a modification of the methods of Mandell (16) Coverslips were tested in quadruplicate at each time point, and representative samples washed and stained with Wright's solution (Fig. 1) . Using this procedure, the number of extracellular bacteria was minimal. The number of adherent neutrophils was determined using a 10 mm square grid under x 40 magnification. PMN adherence for the three patient populations was as follows: "stressed" infants 1.6 2 0.6 x 10~/coversli~ (cs), healthy infants 1.8 -1 0.4 X 105/cs and adults 2.3 + 0.7 x 105/cs (mean f S.D.).
There was a significant difference in PMN adherence between "stressed" newborn infants and adults ( P < 0.001), although there were no significant differences in PMN adherence between "stressed" and healthy infants, or between healthy infants and adults. These differences in adherence are currently under investigation in our laboratory. Scintillation counts, CPM, reflecting radiolabeled bacterial uptake by adherent neutrophils, were expressed per 10"hagocytes and plotted against time.
Statistics. Data between patient groups were analyzed using Fig. 1 . Ingestion of type Ic GBS by neutrophils from newborn infants (Fig. la) and adults (Fig. lb) .
two-way repeated measures analysis of variance. Multple time comparisons within groups were analyzed using a one-way analysis of variance. Correlations between variables were performed using least-squares linear regression analysis.
RESULTS
Kinetics of radiolabeled bacterial uptake. Neutrophils from healthy and "stressed" newborn infants demonstrated a significant increase in uptake of radiolabeled bacteria with time ("stressed": 0-40 min, P < 0.001, 40-60 min, P < 0.001, and 60-80 min, P < 0.01; healthy: 0-40 min, P < 0.001, 40-60 min, P < 0.025, and 60-80 min, P < 0.05) ( Table 3 ). Adult controls in contrast, showed a significant increase in phagocytosis at 0-40 min ( P < 0.001), and 40-60 min ( P < 0.01), but not during the 60-80 min time period
Radiolabeled bacterial uptake: 'Stressed" and healthy neonates vs adults. Polymorphonuclear leukocytes from "stressed" newborn infants demonstrated significantly greater phagocytosis of type Ic GBS than adult PMNs at 40 ( P < 0.05), 60 ( P < 0.01), and 80 min ( P < 0.025) (Fig. 2) . PMNs from 22 healthy neonates also showed significantly enhanced bacterial uptake at 40 ( P < 0.05), 60 ( P < 0.01), and 80 min ( P < 0.01) when compared to adults (Fig. 3) . Radiolabeled GBS uptake did not correlate with birth weight, study age, Apgar scores, or peripheral leukocyte count for the "stressed" infants. Maternal antenatal treatment with dexamethasone did not significantly alter phagocytic capacity in six "stressed" neonates when compared to the remaining "stressed" population.
Radiolabeled bacterial uptake: "stressed" vs healthy neonates. Neutrophils from "stressed" and healthy newborn infants were studied simultaneously on 11 occasions. As noted previously, PMNs from "stressed" and healthy infants demonstrated significantly enhanced phagocytosis at 40, 60, and 80, min when compared to adults (Fig. 4 ). There were no significant differences in bacterial uptake between "stressed" and healthy infants at the time points measured.
DISCUSSION
This study investigated the effect of severe "stress" on neonatal neutrophil phagocytosis, and compared the ability of neonatal and adult PMNs to ingest type Ic group B streptococcus. Neutrophils from both "stressed" and healthy infants demonstrated enhanced bacterial uptake when compared to adults. There were no significant differences in phagocytic capacity between "stressed" and healthy infants. Neutrophils from adults demonstrated a linear increase in bacterial uptake which was maximal by 60 min, whereas PMNs from healthy and "stressed" newborn infants continued to ingest type Ic GBS over the entire 80-min period. Although there are technical limitations of the assay system, which prevent extension of the time intervals for bacterial uptake (e.g., drying of coverslips and loss of PMN monolayer viability), PMN ingestion of type Ic GBS peaks later for the newborn infant than for the adult.
The phagocytic ability of neutrophils from neonates has been investigated and there are conflicting results. In the presence of serum concentrations greater than 10% (adult donors), the phagocytosis of Staphylococcus aureus, Streptococcus pyogenes, Streptococcuspneumoniae, and Pseudomonas aeruginosa by PMNs from newborn infants was equivalent to that of adults (6, 7, 17) . Miller (21) , in contrast, demonstrated that PMNs from newborns were deficient in phagocytosis of yeast particles at lower opsonic serum concentrations. When neutrophils from healthy and sick newborn infants were compared, Forman and Steihm (9) found both phagocytic and killing capacities to be deficient in the infants with abnormal clinical findings.
Shigeoka et al. (29) and Hill et al. (11) assessed neutrophil phagocytosis of type I11 group B streptococcus using a radiolabeled bacterial uptake technique and chemiluminescence production in response to zymosan or phorbol myristate acetate. PMNs from healthy term infants and neonates with a wide variety of "stress" conditions including prematurity, respiratory distress syndrome, ccessive time intervals (e.g., Group 1, 0 vs 40 rnin., "P < 0.001) (mean + S.E.). P values refer to comparisons between groups at a single time. * P < 0.01 and +P < 0.05. sepsis, jaundice, hypoglycemia, and hypocalcemia demonstrated equivalent phagocytosis. Neutrophils from "stressed" infants showed an impaired chemiluminescence response to zymosan and an elevated response to phorbol myristate acetate. These observations suggested that neutrophils from "stressed" neonates demonstrate normal phagocytosis and altered oxidative metabolism (30) . . .
In contrast to previous investigations, in the current study the criteria for stress were either an acute, noninfectious respiratory illness, sepsis, or severe birth asphyxia; 94% of the "stressed" infants required assisted ventilation. Under these "stress" conditions, the phagocytosis of group B streptococcus was not compromised. PMNs from both healthy and "stressed" newborn infants demonstrated sinificantly greater radiolabeled bacterial uptake when compared to adults using a serum concentration of 5%.
The mechanism responsible for the enhanced phagocytic response of PMNs from neonates is unknown, but may be related to the test organism (type Ic GBS), the concentration (5%) and opsonin source (high titer adult serum), and PMN adherence. Additional factors which influence phagocytic function include the stage of differentiation of the PMN (4, 27) , cell metabolism, and PMN membrane dynamics (13) . Neutrophils from newborn infants manifest an activated metabolic state, as evidenced by increased nitroblue tetrazolium reduction in comparison to PMNs from adults (5, 12, 24) . It is tempting to speculate that there is a relationship between increased phagocytosis and increased metab-TIME(MINUTES) neonates vs adults 01) (mean ?z (S.E.). * Significant differences between healthy infants a n d adults (40 min, P < 0.001; 6 0 min, P < 0.005; a n d 80 min, P < 0.001). + Significant differences between "stressed infants a n d adults (40 min, P < 0.005; 60 min, P < 0.01; a n d 80 min, P < 0.005). P is NS between "stressed" a n d healthy infants.
olism. In this context, the metabolic regulation is under investigation.
